Background: Extracranial-intracranial (EC-IC) bypass and intracranial stenting (ICS) are both revascularization procedures that have emerged as treatment options for intracranial atherosclerotic disease (ICAD). This study describes and compares recent trends in utilization and outcomes of intracranial revascularization procedures in the United States using a population-based cohort. It also investigates the association of ICS and EC-IC bypass with periprocedural morbidity and mortality, unfavorable discharge status, length of stay (LOS), and total hospital charges. Methods: The National Inpatient Sample (NIS) was queried for patients with ICAD who underwent EC-IC bypass or ICS during the years 2004-2010. Patient characteristics, demographics, perioperative complications, outcomes, and discharge data were collected. Results: There were 627 patients who underwent ICS and 249 patients who underwent EC-IC bypass. Patients who underwent ICS were significantly older (P < 0.001) with more comorbidities (P = 0.027) than those who underwent EC-IC bypass. Patients who underwent EC-IC bypass experienced higher rates of postprocedure stroke (P = 0.014), but those who underwent ICS experienced higher rates of death (P = 0.006). Among asymptomatic patients, the rates of postprocedure stroke (P = 0.341) and death (P = 0.887) were similar between patients who underwent ICS and those who underwent EC-IC bypass. Among symptomatic patients, however, there was a higher rate of postprocedure stroke in patients who underwent EC-IC bypass (P < 0.001) and a higher rate of death among patients who underwent ICS (P = 0.015).
INTRODUCTION
Intracranial stenosis, caused by intracranial atherosclerotic disease (ICAD), is responsible for ischemic stroke in a significant number of patients annually. [7, 13, 18, 25, 28] There are approximately 900,000 cases of ischemic stroke or transient ischemic attack (TIA) per year in the United States, and of these cases, roughly 90,000-100,000 are due to ICAD. [15, 27] Despite aggressive medical therapy, the risk of recurrent stoke in patients with symptomatic ICAD is as high as 15% per year. [6, 7, 15] In patients with severe stenosis (>70%) and in certain high-risk groups, the risk of recurrent stroke has been reported to be as high as 25% per year. [15, 23, 30] Successful management of patients with ICAD requires an intervention that is safe, effective, and has minimal complications. [32] Medical treatment can reduce the risk of ischemic stroke due to thromboembolic events, but it does not reduce the risk of ICAD progression and the associated patholophysiologic components of hypoperfusion and poor collateral circulation. [8, 9, 12, 15, 24, 31] Technological advances in recent years have given rise to several surgical approaches to treating ICAD, which include extracranial-intracranial (EC-IC) bypass and intracranial stenting (ICS). [2] These revascularization procedures were developed to reduce the risk of ischemic stroke in patients with impaired cerebral hemodynamics due to occlusive cerebrovascular disease by improving blood flow to the territory distal to the stenotic vessel. [26, 29] These procedures may provide benefit to symptomatic patients with severe stenosis who are at the highest risk of ischemic stroke in the region of the stenotic artery, [6] but these patients also pose the most procedural risks. In this study, we compare utilization and outcome trends in ICS and EC-IC bypass with a retrospective, observational analysis using the National Inpatient Sample (NIS) database from 2004 to 2010.
The goal of this study is to describe the national trends in intracranial revascularization procedures for patients with intracranial stenosis. We investigate the association of ICS and EC-IC bypass with periprocedural morbidity and mortality, rate of unfavorable discharge, length of stay (LOS), and total hospital costs.
METHODS
The NIS is a database obtained from the Agency for Healthcare Research and Quality for the years 2004-2010. This database includes approximately 8 million hospitalizations annually. It represents a stratified sample of roughly 20% of all hospital admissions per year, and it serves as a representative sample of inpatient admissions in the United States (http://www.hcup-us.ahrq.gov/ nisoverview.jsp).
For the purposes of this study, the NIS was queried using ICD-9 codes to identify individual cases of patients with the diagnosis of intracranial stenosis who underwent ICS or EC-IC bypass from 2004 to 2010. The ICD-9 codes for the diagnoses and procedures used to identify these patients are listed in Table 1. Patient characteristics, including age, gender, race, and preexisting comorbidities were identified. For each record, the comorbidity score was calculated based on the Elixhauser comorbidity scoring system. [21] For the purposes of this study, the Elixhauser comorbidity score was modified by removing the "paralysis" and "other neurological disorders" sub-scores. Additionally, the Elixhauser comorbidity sub-scores for "diabetes-uncomplicated" and "diabetes complicated" were combined into a single sub-score referred to as "diabetes". Similar modifications to the Elixhauser comorbidity sub-score have been made in other research using the NIS databases to study carotid artery revascularization procedures. [10, 11] The primary endpoints of the study were inpatient postprocedure stroke and death. The NIS captures information from single inpatient hospitalization experiences, which prevented measurement of long-term ICH, stroke, and mortality risks. [10] Secondary endpoints of interest include discharge status, LOS and hospital charges. Hospital charges were compared overall or annually, but not between years, in order to prevent bias due to inflation. Discharge status was separated into home and transfer. Home includes patients who were discharged routinely home or were discharged with home health care, and transfer includes patients who were transferred to another hospital or other care facility, such as a skilled nursing facility or intermediate care.
Patient primary payer information was also collected, and divided into public, private, and other. Public includes patients who were covered by Medicare or Medicaid.
All data was analyzed using SPSS version 20 (International Business Machines, Armonk, New York). Descriptive statistics were obtained, and a comparison was made between patients with intracranial stenosis who underwent ICS versus those who underwent EC-IC bypass. Additionally, patients were stratified by presentation type (symptomatic or asymptomatic), and a comparison was made between patients undergoing ICS versus EC-IC bypass within presentation type. Statistical analysis was Regardless of procedure type, patients who presented symptomatically had a significantly higher mean number of comorbidities (2.5± 1.6 comorbidities versus 2.0± 1.4 comorbidities; P < 0.001). There were significantly more asymptomatic patients with no comorbidities (14.5% versus 6.7%; P < 0.001) and significantly more symptomatic patients with four or greater comorbidities (26.1% versus 14.2%; P < 0.001). The mean number of comorbidities among asymptomatic patients was similar between those who underwent ICS and those who underwent EC-IC bypass (P = 0.829). Among symptomatic patients, however, those who underwent ICS had significantly more comorbidities (2.6± 1.6 comorbidities versus 2.3± 1.6 comorbidities; P = 0.028).
RESULTS

Comparison of patients who underwent intracranial stenting versus extracranialintracranial bypass
Symptomatic patients were admitted nonelectively at a significantly higher rate than asymptomatic patients (81.0% versus 32.8%; P < 0.001). When divided by presentation type, a larger proportion of both asymptomatic and symptomatic patients who underwent ICS had been admitted nonelectively (asymptomatic: 36.6% versus 25.2%; P = 0.037; symptomatic: 87.0% versus 62.7%; P < 0.001).
Regardless of procedure type, there were significantly higher rates of both postprocedure stroke (14.1% versus 3.3%; P < 0.001) and death (10.0% versus 2.2%; P < 0.001). Among asymptomatic patients, the rates of both postprocedure stroke (P = 0.341) and death (P = 0.887) were similar between those who underwent ICS and those who underwent EC-IC bypass. The rate of postprocedures stroke was significantly higher among symptomatic patients who underwent EC-IC bypass (25.4% versus 10.4%; P < 0.001), but the rate of death was significantly higher among symptomatic patients who underwent ICS (12.0% versus 4.0%; P = 0.015). Significantly more asymptomatic patients were discharged home, routinely or with home health, while significantly more symptomatic patients required transfer to another hospital or care facility (P < 0.001).
Among asymptomatic patients, a higher percentage of those who underwent ICS were discharged home compared with those who underwent EC-IC bypass, but this difference did not reach statistical significance (P = 0.080). Among symptomatic patients, a significantly higher percentage of those who underwent EC-IC bypass required transfer to another hospital or care facility compared with those who underwent ICS (P = 0.020).
Symptomatic patients had significantly longer median LOS and higher median total hospital charges than asymptomatic patients. Regardless of presentation type, patients who underwent EC-IC bypass had significantly longer median LOS and higher median total hospital charges. Regardless of procedure type, a significantly larger percentage of symptomatic patients had Medicare or Medicaid, whereas significantly more asymptomatic patients had private insurance (P < 0.001). Among both asymptomatic and symptomatic patients, significantly more patients who underwent ICS has Medicare or Medicaid (P = 0.195), whereas significantly more of those who underwent EC-IC bypass had private insurance (P = 0.079), but these differences, however, did not reach statistical significance in either subgroup.
Trends in intracranial stenting and extracranialintracranial bypass
Over the years, there was an increase in the utilization of both ICS and EC-IC bypass for patients with ICAD [ Table 5 ]. Looking at ICS and EC-IC bypass procedures combined, the percentage that were ICS significantly increased over time, whereas the percentage that were EC-IC bypass significantly decreased over time (P < 0.001) [ Figure 1 ]. The mean age of patients who underwent ICS remained similar over time (P = 0.279), but there was a significant decrease in the mean age of patients who underwent EC-IC bypass over time (P < 0.001). There was a significant increase in the percentage of patients who underwent either ICS or EC-IC bypass procedures for revascularization of intracranial stenosis with four or more comorbidities over time (P < 0.001). This increase was observed both in patients who underwent ICS (P < 0.001) and those who underwent EC-IC bypass (P = 0.006).
There was also an increase in proportion of patients who presented symptomatically over time (P < 0.001).
When divided by procedure type, there was a significant increase in the percentage of symptomatic patients who underwent ICS (P = 0.003). There was a slight increase in the percentage of symptomatic patients who underwent EC-IC bypass, but this increase did not reach statistical significance (P = 0.065). 
Multivariate analysis to identify predictors of outcomes
Symptomatic presentation is the strongest predictor of postprocedure stroke and death for patients with intracranial stenosis undergoing either procedure. Patients who presented symptomatically were 5.1 times more likely to experience postprocedure stroke (P < 0.001) and 5.7 times more likely to die (P < 0.001) compared with patients who presented asymptomatically. Procedure type is also a significant predictor of outcomes. Patients who underwent EC-IC bypass were 2.1 times more likely to experience postprocedure stroke than those who underwent ICS (P = 0.003). Patients who underwent ICS were 3.3 times more likely to die than those who underwent EC-IC bypass (P = 0.016). Age was also associated with in-hospital death (P = 0.044).
When subdivided by procedure type, symptomatic presentation is again the strongest predictor of postprocedure stroke and death. Of patients who underwent ICS, those who presented symptomatically were 2.6 times more likely to experience postprocedure stroke (P = 0.011) and 6.1 times more likely to die (P < 0.001). Of patients who underwent EC-IC bypass, those who presented symptomatically were 18.1 times more likely to experience postprocedure stroke (P < 0.001). Multivariate analysis identified symptomatic presentation as the strongest predictor of death in patients undergoing EC-IC bypass, but this did not reach statistical significance (P = 0.241).
DISCUSSION
Revascularization procedures, which include ICS and EC-IC bypass, have been used to treat patients with ICAD. There have not been any studies done on comparing these revascularization procedures. Separately, however, they have been studied among different cohorts. As a result, the safety and efficacy of revascularization procedures for the treatment of ICAD is in an era of uncertainty, preventing them from being definitively accepted or completely rejected as treatment options for patients with ICAD.
The purpose of our study is to describe national trends in outcomes and utilization of intracranial revascularization procedures for treatment of patients with ICAD. Additionally, we investigate the association of ICS and EC-IC bypass with periprocedural morbidity and mortality, unfavorable discharge status, LOS, and total hospital charges. This study is one of the largest retrospective, observational analyses using a population-based cohort examining ICS and EC-IC bypass. It includes 876 patients, 627 who underwent ICS and 249 who underwent EC-IC bypass, from all over the United States with their differences in age, gender, race, and comorbidities. It includes patients treated nonelectively on emergency basis as well as those treated electively, and it is not limited based on patient insurance plan. [16] Patients with symptomatic ICAD are generally sicker with more severe stenosis than patients with asymptomatic stenosis. They also tend to be older with more comorbidities than patients with asymptomatic ICAD. Consistent with previous studies, our study also found that, regardless of the procedure performed, patients with symptomatic ICAD were older and had more comorbidities than patients with asymptomatic ICAD. [16, 32] Increasing age is associated with anatomical changes, such as narrowing of small vessels and loss of elasticity in vessel walls, and increased tendency for atheroma formation, which both play an important role in the development of ICAD. [18] Patients with multiple comorbid conditions, especially hypertension, hyperlipidemia, diabetes, and obesity, are at a higher risk of developing ICAD compared with healthier patients with fewer or no comorbidities. [16] The strongest predictor of ischemic stroke and death in patients with ICAD is the severity stenosis. [15, 22] Thus, as patients with symptomatic ICAD are usually sicker with more severe stenosis, they generally have worse outcomes compared with patients with asymptomatic ICAD. Consistent with this data, our study found that patients with symptomatic ICAD had higher rates of postprocedure stroke and death than patients with asymptomatic ICAD regardless of revascularization procedure. Multivariate analysis also revealed that symptomatic presentation was the strongest predictor of adverse events regardless of procedure type. Furthermore, a higher percentage of patients with symptomatic ICAD required transfer to another hospital or care facility, whereas the majority of patients with asymptomatic ICAD were discharged home. This suggests that patients with symptomatic ICAD were more likely to need additional care following their revascularization procedure, which further supports that patients with symptomatic ICAD have worse outcomes.
In 2004, prior to Food and Drug Administration (FDA) approval of the Wingspan stent for ICS, the majority of patients who underwent an intracranial revascularization procedure underwent EC-IC bypass. In 2005 and subsequent years, the majority of patients who underwent an intracranial revascularization procedure underwent ICS. Over time, the number of patients undergoing both revascularization procedures increased, but the rate of increase in utilization of ICS was higher than that of EC-IC bypass. Overall, significantly more patients underwent ICS than EC-IC bypass. Of the patients who underwent ICS, a higher percentage had symptomatic ICAD, but of the patients who underwent EC-IC bypass, a higher percentage was asymptomatic. Endovascular methods have been previously preferred in the more infirm population, especially in cases of aneurysm treatment. [3, 4] Consistent with this, our study found that patients who underwent ICS were significantly older with more comorbidities than those who underwent EC-IC bypass. In order to eliminate this bias, subgroup analysis was also performed to compare the utilization and outcomes of asymptomatic patients and symptomatic patients who underwent each revascularization procedure separately.
All revascularization procedures have a risk of postprocedure stroke and death. ICS involves manipulation of guidewires and catheters through the intracranial vessels to allow proper implantation of the stent. This may cause vessel injury, including vessel perforation, dissection, or rupture, which can result in intracerebral hemorrhage and possibly death. [1, 17, 19, 20] Hyperperfusion of chronically ischemic tissue can also result in intracranial hemorrhage following stent placement. Disruption of the atherosclerotic plaque can lead to embolic events, resulting in cerebral infarction. [2] Additionally, ICS requires antiplatelet therapy, which also increases the risk of bleeding complications. EC-IC bypass involves clamping of the vessel while the anastomoses is being created. This can lead to worsening of ischemia or infarction in the cerebral tissue distal to the stenosis. Following anastomosis of the extracranial and intracranial vessels, intracerebral hemorrhage, due to hyperperfusion of chronically ischemic tissue, can also occur with EC-IC bypass.
Our study found that postprocedure stroke occurred at a higher rate in patients who underwent EC-IC bypass, whereas death occurred more frequently in the ICS cohort. These findings are consistent with the fact that temporary flow occlusions with EC-IC bypass results in higher rates of stroke, while the hemorrhages associated with ICS leads to an increased risk of death. When divided into subgroups, there was a higher rate of postprocedure stroke among symptomatic patients who underwent EC-IC bypass, but the rate of postprocedure stroke in asymptomatic patients was similar regardless of procedure type. These findings suggest that it is the patients with symptomatic ICS who have an increased risk of postprocedure stroke with EC-IC bypass versus IS.
In contrast to postprocedure stroke, we found a higher rate of death in patients who underwent ICS. This higher rate of death with ICS was seen in both asymptomatic and symptomatic patients. In asymptomatic patients, however, the difference in death rate among patients who underwent ICS versus EC-IC bypass did not quite reach statistical significance. These findings suggest that, although asymptomatic patients have a slightly increased risk of death with ICS, it is the symptomatic patients who have the highest risk of death with ICS versus EC-IC bypass.
LOS and total charges have not been studied elsewhere. Our study found that symptomatic patients have significantly longer LOS than asymptomatic patients regardless of procedure type. This was expected, as symptomatic patients tend to be sicker with more severe stenosis and have more adverse events with worse overall outcomes compared with asymptomatic patients. Comparing procedures, we found that patients who underwent EC-IC bypass had significantly longer LOS regardless of presentation. This suggests that the EC-IC bypass procedure itself is associated with longer LOS than ICS, but the higher rate of postprocedure stroke observed with EC-IC bypass may also contribute to increased LOS. As total hospital charges are related to the LOS and the complication rate, it was expected that patients with symptomatic ICAD had higher total hospital charges regardless of procedure type. Similarly, it was expected that patients who underwent EC-IC bypass had higher total hospital charges regardless of presentation type.
The volume-outcome effect refers to the association between high volume surgeons and/or hospitals with improved outcomes. This hypothesis may be especially true for technically challenging procedures, such as EC-IC bypass. It would be interesting to examine whether the surgeon or hospital volume had a significant association with outcomes. This is possible with the NIS database; however, this is beyond the scope of what we examined in this study. Future studies, using the NIS database or other population of patients, should examine the relationship of high versus low volume surgeons and/or hospitals to better characterize the volume-outcome effect as it relates to intracranial revascularization procedures.
A major limitation of studies with the NIS is the difficulty with coding. This has the potential to cause miscoding and missing data, which may limit access to certain cases or result in misclassification of certain cases. For example, ICD-9 codes for stroke can be misrepresented up to 15% of the time. [14] An additional limitation is that the diagnosis for postprocedure stroke indicates that the patient experienced a postprocedure stroke, but does not specify the type of stroke nor its severity. Additionally, given that the treatment of asymptomatic intracranial stenosis falls outside standard treatment recommendations, the large proportion of asymptomatic patients identified through the chosen ICD-9 codes may be incorrect or incorrectly identifying such patients. For example, patients who received the ICD-9 code for asymptomatic IS may have presented symptomatically, but had a TIA or ischemic stroke with symptoms that improved or resolved by the time of the revascularization procedure and are now being treated electively. This explanation is highly reasonable as the majority of the asymptomatic patients are also listed as undergoing the procedure electively, whereas the majority of the symptomatic patients are listed as undergoing the procedure nonelectively. Another possibility is that the procedure was performed in the context of another indication, such as stent or bypass for aneurysms. In order to minimize this potential bias, all diagnosis codes for each patient were examined to look at each patient's other medical problems and rule out possible confounding disease. Lastly, providers may have inadvertently selected an ICD-9 code for IS without regard to whether it was for asymptomatic or symptomatic disease. This would be the most detrimental to our study, and future studies using the NIS database and other databases using ICD-9 codes to identify patients with IS should be aware of this possibility. Another limitation to this study is that we were unable to review relevant clinical data, such as medication and radiographic images. Other limitations of the NIS are similar to those of all retrospective studies using administrative data. This includes inability to acquire follow-up or long-term data.
Many of the limitations listed above are not unique to our paper, but are well known limitations to studies using the NIS database as well as to other studies using large administrative databases. Despite these limitations, much useful data can be generated using the NIS database. As Carter states in Neurosurgery, the NIS database is best used to understand and provide practical insight into procedure-related risks by looking at morbidity and mortality data based on type of procedure performed. [5] In our study, we used the NIS database to investigate the association of ICS and EC-IC bypass with periprocedural morbidity and mortality, unfavorable discharge status, LOS, and total hospital charges on a national level.
CONCLUSION
The ideal management of patients with has yet to be defined. Although much data from randomized and prospective trials on revascularization have been collected, many questions remain unanswered. According to our results, there has been an increase in the utilization of both revascularization procedures over the time period studied. In subsequent years, however, there is likely to be decrease in utilization of these procedures given the recent findings of the SAMMPRIS and the COSS Trials. There still remain cohorts of patients, specifically patients who have failed aggressive medical management, where not enough evidence is available to dictate decision-making. In order to further elucidate the safety and efficacy of these intracranial revascularization procedures, further clinical trials are needed. 
Commentary
I have had personal experience with bypass for intracranial arterial stenosis, and the data presented is consistent with my experience. The stenting data is also believable, as small stents will probably not remain patency in intracranial vessels. There are obvious criticisms in such a retrospective study from the literature; however, I do not think that is the point of the paper. The key message is that we do not have a treatment for this disease with surgery or with stenting.
There is a good reason why the complications in the asymptomatic patients are smaller. That is because the stenosis is probably less in those patients. I do not believe the temporary clipping is the cause of the infarction, although it could contribute by allowing softening of the tissue from ischemia. From my experience, the bypass provides opposing flows to the antegrade flow from the carotid through the stenosis. This is seen more with proximal bypasses to the branches off the M2 just after the bifurcation to vessels on the temporal lobe supplied by the M2. The M2 branches at this point are larger than they are more distally. Thus, they will carry more flow. Stasis occurs and an infarction, usually a lenticulostriate infarction, from this stasis occurs at the site of the stenosis.
Endarterectomy is also an option. I tried five about 20 years ago, and three out of the five occluded. I found that the plaques in the middle cerebral artery (MCA) are not as distinct as in the Carotid Bifurcation. They do not seem to end and are part of the endothelium. So I did use some 10-0 sutures to tack the plaques down to proven turbulence and thrombosis. However, that was before more powerful antiplatelet agents than ASA were used. I did think of using a patch graft at the site of the stenosis. We did do this in the laboratory using a vein path as a graft to widen the site of the stenosis. We did not get to try this on patients but it might be a good solution. Recent work on encephaloduroarteriosynangiosis (EDAS) for patients with MCA stenosis, by Nestor Gonzalez, shows promise for treatment of this disease.
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